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ORIGINAL ARTICLE 

Acoustic neuroma: potential risk factors and 
audiometric surveillance in the aluminium industry 

Oyebode Taiwo/ Deron Galusha/ Baylah Tessier-Sherman/ Sharon Kirsche/ 
Linda Cantley/ Martin D Slade/ Mark R Cullen,^ A Michael Donoghue^ 



ABSTRACT 

Objectives To look for an association between 
acoustic neuroma (AN) and participation in a hearing 
conservation programme (HCP) and also for an 
association between AN and possible occupational risk 
factors in the aluminium industry. 
Methods We conducted a case-control analysis of a 
population of US aluminium production workers in 8 
smelters and 43 other plants. Using insurance claims 
data, 97 cases of AN were identified between 1996 and 
2009. Each was matched with four controls. Covariates 
included participation in a HCP, working in an 
aluminium smelter, working in an electrical job and 
hearing loss. 

Results In the bivariate analyses, covariates associated 
with AN were participation in the HCP (OR=1.72; 95% 
CI 1.09 to 2.69) and smelter work (OR=1.88; 95% CI 
1.06 to 3.36). Electrical work was not significant 
(OR=1.60; 95% CI 0.65 to 3.94). Owing to high 
participation in the HCP in smelters, multivariate 
subanalyses were required. In the multivariate analyses, 
participation in the HCP was the only statistically 
significant risk factor for AN. In the multivariate analysis 
restricted to employees not working in a smelter, the OR 
was 1.81 (95% CI 1.04 to 3.17). Hearing loss, an 
indirect measure of in-ear noise dose, was not predictive 
of AN. 

Conclusions Our results suggest the incidental 
detection of previously undiagnosed tumours in workers 
who participated in the company-sponsored HCP. The 
increased medical surveillance among this population of 
workers most likely introduced detection bias, leading to 
the identification of AN cases that would have otherwise 
remained undetected. 



INTRODUCTION 

Three cases of acoustic neuroma (AN) were 
reported in electrical trade workers at a prebake 
aluminium smelter in Australia over a 14-year 
period to 2009. The three workers were all male, 
51, 49 and 40 years of age, respectively, and had 
worked at the smelter for 8, 14 and 8 years, 
respectively, at the time of their diagnosis. A pre- 
liminary investigation carried out at the plant 
showed that the three workers were diagnosed with 
AN through the annual hearing evaluations man- 
dated by the company-instituted hearing conserva- 
tion programme (HCP). HCPs are designed to 
prevent noise-induced hearing loss (NIHL) in 
employees exposed to significant ambient noise 
levels. One component of traditional HCPs is 
annual employee audiograms to monitor hearing 



What this paper adds 



► We conducted a case-control analysis for 
acoustic neuroma (AN) in a population of US 
aluminium production workers using insurance 
claims data. Each of the 97 cases was matched 
with four controls. 

► In the multivariate analysis, the only 
statistically significant association with AN was 
participation in a hearing conservation 
programme (0R=1.81; 95% CI 1.04 to 3.17). 
'Smelter work', 'electrical work' and 'electrical 
work in a smelter' all yielded modestly elevated 
ORs that did not reach statistical significance. 

► Our results suggest that increased medical 
surveillance among this population of workers 
in the form of audiometric surveillance 
introduced detection bias, leading to the 
identification of AN cases that would otherwise 
have remained undetected. 

► While other exposure covariates were not 
statistically significantly associated with AN, we 
cannot exclude the possibility that they are risk 
factors because of wide CIs. 



loss and to evaluate abnormal findings such as uni- 
lateral hearing loss without any obvious explan- 
ation. Such audiograms require further workup, 
which typically include imaging studies of the 
head, to rule out benign growths such as ANs and 
other types of brain tumours. Australian cancer 
registries do not systematically record benign ANs 
and without pertinent health claims data being 
available for the Australian workforce, an appropri- 
ate epidemiological study examining the risk 
factors for AN was not feasible. Therefore, investi- 
gators turned to a much larger US cohort with per- 
tinent health claims data, working in the 
aluminium industry for the same company that 
operated the Australian smelter. The same corpor- 
ate HCP requirements applied in the USA and 
Australia. 

AN is a slow-growing benign tumour that arises 
primarily from the vestibular portion of the VIII 
cranial nerve and lies in the cerebellopontine angle. 
It causes progressive hearing loss, tinnitus and 
vertigo. The trigeminal nerve can become involved 
with diminished corneal sensation. In advanced 
cases, raised intracranial pressure can occur. 
Treatment is surgical and less invasive if tumours 



624 



Taiwo 0, et al. Occup Environ Med 2014;71:624-628. doi:10.1 136/oemed-2014-102094 



BMj 



Workplace 



are detected early while they are still small. It is the most fre- 
quent intracranial benign tumour, representing 6% of all intra- 
cranial tumours.^ There is some evidence to suggest that 
incidence rates for AN have increased over time.^ 

AN can occur in a sporadic, mostly unilateral form, w^hich 
accounts for 95% of cases. Hereditary, mostly bilateral, presen- 
tation is associated w^ith type II neurofibromatosis and accounts 
for the remaining 5% of AN cases. The aetiology of the spor- 
adic form of AN is largely unknow^n; how^ever, high-dose ionis- 
ing radiation is one of the iew know^n risk factors for the 
disease, an association that has been confirmed in studies of 
radiation treatments, dental X-rays^ and atomic bomb 
survivors.^ 

Recently, studies evaluating the relationship betw^een non- 
ionising radiofrequency radiation from mobile phone use and 
the risk of AN have been conducted, some of w^hich have show^n 
a positive association.^ How^ever, other studies of cell phone use 
and AN have been negative^ ^ or inconclusive because of the 
relatively short period of observation.^ 

Extremely low^-frequency electromagnetic fields (ELF-EMFs) 
have also been suggested as a risk factor for AN, and are pro- 
duced as a result of the generation, transmission and use of elec- 
tric powder. ELF-EMFs do not produce ionisation of atomic 
particles, and consequently they are classified as non-ionising 
radiation. The electricity required for the electrolytic reduction 
of aluminium produces static and ELF magnetic fields in the 
smelter potrooms.^^ How^ever, a study specifically examining the 
relationship betw^een occupational exposure to ELF-EMFs and 
AN did not show^ an increased risk from EME exposure. 

In addition, a few^ studies have explored the possible associ- 
ation betw^een AN and occupational exposure to loud noise. 
Some of these studies have show^n a positive association between 
occupational noise exposure and the risk of AN,^ while 
other studies were unable to demonstrate the same associ- 
ation.^^ Recently, it has come to light that one of the major 
issues with measuring health effects of ambient noise exposure 
is the inability of the investigator to properly adjust for the 
impact of hearing protection on personal noise attenuation, and 
subsequently an individual's 'true' at-ear noise exposure. As a 
result of this, it is possible that the lack of a consensus in the lit- 
erature on whether or not noise is a risk factor for AN is based 
on the fact that prior studies have used ambient noise, and not 
at-ear noise, as their predictor variable. 

Studies examining whether or not different occupations 
confer additional risk for AN have reported an increased likeli- 
hood of AN among teachers, police officers, athletes, gas station 
attendants, purchasing agents, sales representatives, females 
working as tailors and truck and conveyor operators.^ ^^The 
risk factors within these occupations are unclear, but some of 
the studies indicate a possible association with chemical expo- 
sures such as mercury, textile dust, benzene and solvents.^ The 
increased incidence rates in these occupations may also be attrib- 
utable to a greater likelihood of diagnosis stemming from socio- 
logical factors such as education, peer encouragement to seek 
medical care and better access to care. 

Aluminium primary production involves bauxite mining, 
refining of bauxite to yield alumina and aluminium smelting. 
The smelting process emits a variety of gases and fumes; includ- 
ing hydrogen fluoride, sulfur dioxide, alumina and fluoride par- 
ticulates, and coal tar pitch volatiles (CTPVs). CTPVs contain 
polycyclic aromatic hydrocarbons (PAHs), which are known car- 
cinogens that have been associated with increased risk of lung, 
bladder and other cancers in predominantly Soderberg alumin- 
ium smelter workers. However, there have been no studies 



until now that have shown an association between PAH expos- 
ure and AN, which is a benign intracranial tumour. Other expo- 
sures in aluminium smelters include noise, heat and ELF-EMFs 
distributed as alternating current from power lines and direct 
current in aluminium potrooms. The objectives of this study are 
to look for an association between AN and participation in a 
HCP and also for an association between AN and possible occu- 
pational risk factors in the aluminium industry. 

METHODS 

This study utiHsed 14 years (1996-2009) of health data from all 
of Alcoa Inc US aluminium production locations. The locations 
included 1 alumina refinery, 8 aluminium smelters and 42 other 
aluminium manufacturing facilities that produce a variety of alu- 
minium products. The data set has been described in other pub- 
lications.^^ In brief, Alcoa maintains a number of data sets on its 
entire US workforce including human resource, health insurance 
claims (non-work-related), medical surveillance, injury and 
industrial hygiene records. These data sets have been linked at 
the individual level, with all personal identifiers removed prior 
to analyses. The health insurance claims database allowed inves- 
tigators to review physician diagnoses of AN for each hospital 
and outpatient visit made by employees during the study period. 
The case definition of AN used in this study was at least one 
insurance claim of AN diagnosis (International Classification of 
Diseases, ninth revision (ICD-9) 225.1 benign neoplasm of 
cranial nerves) between 1996 and 2009. 

A case-control analysis of the potential risk factors for AN in 
the workforce was carried out by selecting four controls for 
each AN case. Controls were selected from employees from all 
US locations, working at least a day from 1996 to 2009, 
without an insurance claim for an AN diagnosis. Controls were 
matched by year of birth, year of hire, employee type (salary vs 
hourly) and sex and then four controls were randomly selected 
for each case. The initial exposures of interest, based on estab- 
lished risk factors in the current AN literature and the initial 
three Australian cases, were participation in HCP (yes/no), loca- 
tion (smelter/non-smelter), job type (electrical vs non electrical) 
and hearing loss as an indirect measure of at-ear noise exposure. 
Electrical jobs included electricians, electrical engineers, elec- 
trical technicians and electrical maintenance supervisors. 

A previous report had shown that ambient noise is not a reli- 
able measurement of actual in-ear noise dose in aluminium 
manufacturing workers. In the absence of personal, at-ear 
noise measurements, the investigators used hearing loss as a sur- 
rogate for at-ear noise exposure, as there is a well-established 
association between noise exposure and hearing loss.^^ Thus, 
audiograms recorded in the ear with the least amount of 
hearing loss 10 or more years before AN diagnosis in cases were 
compared with audiograms of controls, also taken in the same 
year and from the better ear. The 10 year lag was used to 
account for latency. Although latency may be longer than 
10 years, it is unlikely to be less. The hearing threshold levels 
were then compared at the individual frequencies 0.5-6kHz, 
and the averages of 2,3,4 kHz, 3,4,6 kHz, and 0.5,1,2,3 kHz 
between the cases and controls. The odds of being a case for 
each 1 dB increase in hearing threshold level were calculated for 
all frequencies. 

We used logistic regression models to evaluate the association 
between the potential risk factors and AN cases after matching 
for date of birth, year of hire, employee type and sex. The vari- 
ables of interest included HCP (yes/no), location (smelter/non- 
smelter), job type (electrical vs non-electrical) and hearing 
threshold level as a surrogate for at-ear noise exposure. We first 
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analysed the unadjusted association between these potential risk 
factors and AN and then developed a multivariate logistic 
regression model to analyse the independent associations. 
Analyses were conducted using SAS V9.2 (SAS Institute Inc, 
Gary, North Carolina, USA). 

Since participation in the company's HCP among smelter 
M^orkers is high at 87%, in order to assess the risk associated 
w^ith smelter exposure w^e conducted multivariate subanalyses of 
employees restricted to those participating in the HCI^ those 
not participating in the HCV, those in a smelter location and 
those not in a smelter location. 

Study protocols have been review^ed and approved by the 
human subjects committees of Stanford University and Yale 
School of Medicine. 

RESULTS 

The cohort from w^hich the cases came and the controls w^ere 
selected included a total of 118 388 w^orkers w^ith 544 601 
person-years of observation. Tw^enty per cent of the population 
M^orked in a smelter, w^ith a mean age of 44 years and tenure of 
19 years. Most w^orkers were hourly, male and Caucasian. 
Table 1 show^s the demographics and other characteristics of the 
AN cases and controls. There w^ere 97 cases of AN diagnosed in 
the database between 1996 and 2009 using the case definition 
of at least one claim of AN. The mean age at diagnosis wsls 
52 years and 73% of cases w^ere male. The mean duration of 
w^ork history at the time of diagnosis was 20 years. Nearly 40% 
of cases were salaried employees and 58% participated in the 
HCE Only 7% w^ere employed in electrical jobs. The estimated 
rate of AN in this population w^as 17.8/100 000 person-years, 
unadjusted for age. 

Results for the bivariate analyses are presented in table 2. 
Cases of AN were more likely to be included in the HCP 
(OR=1.72; 95% CI1.09 to 2.69) and more likely to work in a 
smelter (OR=1.88; 95% CI 1.06 to 3.36) when compared with 
controls. Working in an electrical job was also associated with 
increased risk of AN, although this did not reach statistical sig- 
nificance (OR=1.60; 95% CI 0.65 to 3.94). However, since a 
high proportion of smelter workers are in a HCP (87%), the 
effect of smelter exposure could only be assessed reliably in a 
subanalysis of people in the HCE Table 3 presents the results of 
multivariate analyses of employees restricted to those participat- 
ing in the HCI^ those not participating in the HCI^ those in a 
smelter location and those not in a smelter location. 
Participation in the HCP was the only statistically significant risk 
factor for being diagnosed with AN. In the multivariate analysis 



Table 1 AN cases and controls: demographics and other 
characteristics 



Characteristic 


AN case (N=97) 


Control (N=388) 


Age at diagnosis — mean (SD) 


52.0 (11.4) 


Not applicable 


Tenure at diagnosis — mean (SD) 


20.0 (14.2) 


Not applicable 


DOB — mean (range) 


1952 (1921-1982) 


1952 (1921-1982) 


Year of hire — mean (range) 


1984 (1948-2006) 


1984 (1948-2006) 


Salaried employees — n (%) 


38 (39.2) 


152 (39.2) 


Male— n (%) 


71 (73.2) 


284 (73.2) 


Hearing conservation programme 


56 (57.7) 


172 (44.3) 


participants — n (%) 






Electrical job— n (%) 


7 (7.2) 


18 (4.6) 


Smelter workers — n (%) 


20 (20.6) 


47 (12.1) 



AN, acoustic neuroma; DOB, date of birth. 



Table 2 Odds of being an acoustic neuroma case — bivariate 
analysis 



Characteristic 


OR (95% CI) 


p Value 


Hearing conservation programme participation 


1.72 (1.09 to 2.69) 


0.02 


Electrical job 


1.60 (0.65 to 3.94) 


0.31 


Smelter worl<er 


1.88 (1.06 to 3.36) 


0.03 


For each case there were four controls matched on 


date of birth, year of hire, 




employee type and sex. 







restricted to those employees not w^orking in a smelter location, 
the OR was 1.81 (95% CI 1.04 to 3.17). 

Table 4 shows the difference in hearing threshold levels 
between the cases (n=49) and controls (n = 147) that were 
included in a HCP and had an audiogram 10 years prior to the 
diagnosis of AN. There was no significant difference in the 
hearing level at the individual frequencies or combined frequen- 
cies between the cases and the controls, and thus hearing loss, 
and most likely at-ear noise exposure, was not predictive of AN 
in our cohort of aluminium production workers. As such, it was 
not included in the multivariate analyses. 

DISCUSSION 

While the Australian smelter cases initiated interest in undertak- 
ing this study and raised the possibility that participation in a 
HCP may be associated with AN, review of the literature also 
indicated merit in looking for this association and for other pos- 
sible occupational risk factors. The Australian cases came to 
notice anecdotally rather than as the result of a systematic 
process. In contrast to the US workforce, the Australian work- 
force does not have a health insurance claims data set, so it was 
not possible to be sure if all cases in the Australian smelter had 
been identified, or to undertake an appropriate epidemiological 
study. In addition to this, AN is a relatively rare tumour, so it 
was advantageous to study the much larger US population of 
aluminium production workers. 

The results of our study show that the diagnosis of AN in alu- 
minium production workers, based on at least one insurance 
claim, was statistically significantly associated with participation 
in a HCP While the results for 'work in a smelter', 'electrical 
work' and 'electrical work in a smelter' all showed modestly ele- 
vated ORs, they were not statistically significant in the multivari- 
ate analyses. Although we have not found these covariates to be 
risk factors for AN, we cannot exclude the possibility that they 
are because of the wide CIs due to the limited statistical power. 
Hearing loss as a surrogate for at-ear noise exposure did not 



Table 3 Odds of being an AN case — multivariate analyses 



Characteristics 


OR (95% CI) 


p Value 


OR (95% CI) 


p Value 




Not in HCP 




In HCP 




Smelter worl<er 


1.90 (0.34 to 10.52) 


0.464 


1.59 (0.77 to 3.27) 


0.211 


Electrical job 


1.23 (0.14 to 11.18) 


0.855 


1.29 (0.45 to 3.71) 


0.633 




Not in a smelter location 


In a smelter location 




In HCP 


1.81 (1.04 to 3.1 7) 


0.036 


2.02 (0.30 to 13.42) 


0.468 


Electrical job 


1.12 (0.30 to 4.17) 


0.862 


1.54 (0.35 to 6.76) 


0.570 



For each case there were four controls matched on date of birth, year of hire, 
employee type and sex. 
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Table 4 Hearing threshold levels of cases and controls in HCP* 
and the odds of being an AN case 

Controls 
AN cases in in HCP 



Hearing in 


HCP (N=49) 


(N=147) 






better ear 


Mean (SD) 


Mean (SD) 


OR (95% CI) 


p Value 


0.5 kHz 


6.3 (6.2) 


7.6 (6.3) 


0.97 (0.91 to 1.02) 


0.2280 


1 kHz 


8.4 (11.7) 


7.1 (6.5) 


1.02 (0.98 to 1.06) 


0.3403 


2 kHz 


10.4 (13.3) 


9.3 (11.2) 


1.01 (0.98 to 1.04) 


0.5733 


3 kHz 


20.2 (16.9) 


19.9 (18.7) 


1.00 (0.98 to 1.02) 


0.9183 


4 kHz 


25.9 (19.8) 


26.7 (21.8) 


1.00 (0.98 to 1.01) 


0.8229 


6 kHz 


26.1 (19.7) 


29.7 (20.1) 


0.99 (0.97 to 1.01) 


0.2812 


Avg 2,3,4 kHz 


18.8 (14.5) 


18.6 (15.7) 


1.00 (0.98 to 1.02) 


0.9354 


Avg 3,4,6 kHz 


24.1 (17.2) 


25.4 (18.9) 


1.00 (0.98 to 1.01) 


0.6570 


Avg 0.5, 


11.3 (10.1) 


10.9 (8.8) 


1.00 (0.97 to 1.04) 


0.8116 



1,2,3 kHz 

*Hearing threshold levels were compared using audiograms taken 10 years prior to 
the case AN diagnosis. Thus, to be included in this subanalysis, HCP participants had 
to have an audiogram record at that time. 

For each case there were four controls matched on date of birth, year of hire, 
employee type and sex. 

AN, acoustic neuroma; Avg, average; HCP, hearing conservation programme 

appear to be a significant factor in the risk of AN in this work- 
force, and thus was excluded from the final multivariate model. 

As previously stated, there is some evidence to suggest that 
incidence rates for AN have increased over time.^ However, 
it is not known whether this is a true increase in incidence or 
that improved and more frequent MRI has increased detection 
of tumours which previously would have gone undiscovered.^^ 
In this study, participation in the company-sponsored HCP was 
associated with an increased incidence of AN. With increased 
audiometric surveillance for sensorineural hearing loss, the most 
common symptom associated with AN, and subsequent medical 
workup for those with abnormal audiograms, it is not surprising 
that more ANs were detected in workers involved in the HCI? 
whereas they would most likely remain undiagnosed in workers 
who do not have annual audiograms, or in the general 
population. 

Employees are enrolled in the HCP because of occupational 
exposure to high-noise levels, an exposure that has been 
hypothesised to cause AN.^ Animal experiments have 

shown that noise can cause mechanical damage to the VIII 
cranial nerve in rodents. Consequently, in theory, the damaged 
nerve cells could cause cell mutation and subsequent prolifer- 
ation of abnormal cells. However, epidemiological studies 
looking at the relationship between noise exposure and AN in 
humans have shown mixed results, and as we discussed, it is 
possible that the lack of a consensus on whether or not noise is 
involved in AN pathogenesis is due to the lack of accurate at-ear 
noise exposure measurements. For that reason, we used hearing 
loss as a surrogate for noise exposure, which evidence suggests 
would result in less exposure misclassification, and result in a 
more valid analysis. This is because at-ear noise exposure is the 
resultant of ambient noise exposure modified by hearing protec- 
tion. We know that hearing protection and compliance has been 
less than ideal over the study period in this workforce and that 
NIHL has been observed. Hearing loss in the study population 
is therefore not only the result of age (which is matched for in 
the analysis) but is also due to noise exposure. When we com- 
pared hearing loss in AN cases with controls, we found no evi- 
dence for an association between hearing loss and the incidence 
of AN in this workforce. This suggests that noise exposure may 
not be a risk factor for AN. 



There are several limitations to this study that must be consid- 
ered. We relied solely on insurance claims data for the diagnosis 
of AN, using one claim for AN as the case definition. This may 
have led to an overestimation of cases if the ICD-9 code for AN 
was used by physicians suspecting the benign growth and then 
subsequently ruling it out after further testing. We were unable 
to further verify the diagnosis of cases. 

Another limitation was the absence of exposure data on static 
and ELF-EMFs in the workplace, which, as previously stated, 
are exposures that occur in smelter potrooms.^^ Of the alumin- 
ium production plants with workers included in this analysis, 
only one location had data on ELF-EMF. As a result, we were 
unable to assess or control for the relationship between EMF 
and AN in the workforce. However, a study specifically examin- 
ing the relationship between occupational exposure to 
ELF-EMFs and AN did not show an increased risk from EMF 
exposure^^ and our multivariate analyses showed no statistically 
significant association between AN and working in a smelter, 
although the CIs were wide. 

Finally, while we believe that hearing loss is a better proxy for 
true noise exposure in our study population, it is still not a 
direct measurement, and relies on the assumption that indivi- 
duals with greater hearing loss have greater noise exposure. 
Therefore, our decision to use hearing loss as a proxy for at-ear 
noise exposure may have resulted in some at-ear noise exposure 
misclassification. Until better methods for adjusting for hearing 
protector attenuation or at-ear personal noise measurements 
become widely available, the relationship between noise expos- 
ure and AN incidence will most likely remain unclear. 

Despite the limitations, these results suggest that participation 
in a HCP will increase the detection of AN, a slow-growing 
brain tumour, which would otherwise have remained undiag- 
nosed. Affirmative evidence impHcating noise, ionising or non- 
ionising radiation or other occupational exposures remains 
lacking. 
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